Plant species of the genus Arum typically have lure-and-trap pollination systems that are saprophilous (i.e. attracting flies or beetles searching for breeding sites in decaying organic matter). They have been assumed to always attract and trap their pollinators by deception because the inflorescences provide unsuitable breeding grounds for pollinators. The present study explored the possibility that one species, Arum creticum Boiss. & Heldr., which has yellow, sweet-smelling inflorescences, rewards its pollinators and that this increases its success in attracting pollinators over its close relative, Arum idaeum Coust. & Gadoger. The relationship between rewards provided, floral structure, insect attraction, and pollen import and export was examined in two naturally occurring sympatric populations of A. creticum , A. idaeum , and their natural hybrids. The results showed that plants providing more pollen were visited by larger numbers of females of a mining bee Lasioglossum marginatum Brullé as well as adults and nymphs of a hemipteran bug Dionconotus cruentatus creticus Heiss. In A. creticum , L. marginatum was found to be a better outcrossing vector than D. cruentatus in areas where both pollinators occurred because L. marginatum individuals carried more pollen on their bodies and travelled greater distances between inflorescences, thus increasing the potential for outcrossing. The finding that floral rewards may result in increased fitness, compared to nonrewarding systems that rely on attracting saprophilic pollinators, suggests that it is possible for rewarding species to evolve from saprophilous systems.
INTRODUCTION
The evolution of floral complexity in angiosperms is generally attributed to the mutalistic coevolutionary relationship with their reward-seeking pollinators. However, there appear to be many exceptions to this general tenet. Many rewarding plant species are pollinated by generalist rather than specific pollinators (Waser et al ., 1996) and, in at least one species studied in detail, specialist pollinators are no more effective as pollen vectors than generalist pollinators (Olsen, 1997) . Furthermore, many plants have evolved elaborate nonrewarding pollination mechanisms (Proctor, Yeo & Lack, 1996) and there is at least one documented example of this deception directly harming the pollinator involved (Wong & Schiestl, 2002) .
The evolution of nonrewarding systems have been well studied in Orchidaceae where more than a third of the species provide neither pollen nor nectar rewards (Gigord et al ., 2002) but where, despite this, tight pollinator specificity has been documented in a range of species (Mant et al ., 2002) . Sapromyophilious and saprocantharophilous systems (i.e. those in which pollination is effected by flies and beetles, respectively, searching for breeding sites in organic matter) form another, less studied group characterized by an absence of a pollination reward. They can be classed together using the term 'saprophily' and this convention will be used here. Saprophilous flowers and inflorescences are not usually able to reward their pollinators because the floral structures do not provide appropriate conditions for the growth and development of any eggs that pollinators are duped into laying in the floral structures. Fascinatingly, a few saprophilous species are able to provide brood sites for pollinators in their relatively long-lived inflorescences (Patt et al ., 1995; Sakai, 2002; Miyake & Yafuso, 2003) , but such rewarding systems appear to be rare. Saprophily occurs in a range of families and appears to be a derived pollination system in most. It is thought to have evolved at least twice from melittophily (bee pollination) in Theophrastaceae (Knudsen & Stahl, 1994) and to have evolved from a bee, bird or bat pollinated system in Lowiaceae (Sakai & Inoue, 1999) . The selection pressures operating within saprophilous systems have received little attention, and it is unknown whether such systems are evolutionary dead ends or whether rewarding systems can evolve from them.
Plant species of the genus Arum generally have typical saprophilous features, with inflorescences that are often purple-coloured and scents mimicking decaying organic matter or faeces; they are considered to attract pollinators by deception (Boyce, 1993; Gibernau, Macquart & Przetak, 2004) . Many of the species have been reported as having lure-and-trap inflorescences and are pollinated by a range of dipteran species that lay their eggs in decaying organic matter; for example, Arum maculatum L. (Prime, 1960; Ollerton & Diaz, 1999) and Arum italicum Mill. (Albre, Quilichini & Gibernau, 2003; Méndez & Diaz, 2001 ). Other species appear to be pollinated by both flies and beetles; these include Arum nigrum Schott (Dormer, 1960) , Arum dioscoridis Sibth. & Sm. and Arum palaestinum Boiss (Koach, 1987; Gibernau et al ., 2004) .
The above species of Arum differ in the details of how their inflorescences function but several generalizations can be made. Pollinators are attracted into the monoecious, protogynous inflorescences by the odour produced by the central organ, the spadix, and land on the spadix or spathe (the outer 'hood' of the inflorescence derived from a modified leaf) (Fig. 1) . The insects fall into the chamber of the inflorescence, containing the male and female flowers. The chamber walls are slippery because they are lined with downward pointing papillae (Lack & Diaz, 1991) . The exit at the neck of the chamber is also covered by hairs, derived from sterile flowers (staminodes). These are thought to both impede the exit of insects and to prevent large insects from falling into the chamber (Dormer, 1960; Lack & Diaz, 1991; Gibernau et al ., 2004) . Any pollen on the insects can be deposited on the receptive stigmas as the insects crawl around. Some time later (usually the following day), the female flowers lose receptivity, the male flowers open, pollen is shed onto the trapped insects, and then the walls of the chamber and the staminodes wither, allowing the insects to escape.
By contrast to most species in the genus, Arum creticum Boiss. & Heldr. has conspicuous inflorescences with a large yellow spathe and bright yellow spadix that produces a strong scent likened to a mixture of 'freesia and lemon' (Boyce, 1993) . This suggests that the pollination system may not involve attracting saprophilic pollinators but may instead involve attracting reward-seeking pollinators, such as bees or hoverflies, that are more often associated with sweetsmelling yellow floral structures. In the mountains of Crete, A. creticum grows sympatrically with a closely related species, Arum idaeum Coust. & Gandoger, which displays more typical saprophilous features (Greuter, 1984) . The two species appear to be closely related and share several features, including the usual absence or near-absence of staminodes. The effect this has on their trap function appears to be unknown. Inflorescences of A. idaeum have smaller cream-coloured spathes and, typically, dark purple spadices that are reported to have a weak odour (Boyce, 1993) . The two species also have overall structural differences. The inflorescences of A. creticum are produced high above the leaves ('flag' form; Boyce, for nectar and pollen production. Nectar production was sampled from inflorescences at the end of female phase because this was the stage when stigmatic secretions were greatest. However, even at this stage, each stigma only produced very small amounts of liquid and so nectar was pooled from all the stigmas in an inflorescence. Sugar concentrations (% w/w) were determined using a Delta field refractometer (Bellingham & Stanley Ltd) calibrated in the range of 0-50% sugar. Pollen loads per inflorescence were measured by collecting all male flowers of freshly-opened inflorescences and preserving them in 70% alcohol. The number of pollen grains was counted for a random ten male flowers per inflorescence and the total number of grains per inflorescence obtained by multiplying the mean number of pollen grains per flower by the number of male flowers per inflorescence.
Given the morphological differences between the species, the following measurements were also collected from a random ten freshly-opened inflorescences of A. creticum , A. idaeum , and intermediate forms at each site: total spadix length, total spathe length, spadix colour, spadix scent, spathe colour, whether or not the spathe was reflexed, and whether the overall inflorescence was a flag form or a cryptic form. The first two of these attributes were recorded in centimetres but other traits were recorded as indices: (1) spadix colour was recorded as 1 = yellow, 2 = yellow with purple tinge over < 5% total area, 3 = yellow with purple over 5-80% total area, 4 = purple over > 80% total area; (2) spadix scent was recorded as 1 = strongly sweetly pungent scented, 2 = intermediate, 3 = weakly sweetly pungent scented; spathe colour (3) was recorded as 1 = yellow, 2 = cream, 3 = cream with purple tinge basally; (4) spathe reflex was recorded as 0 = not reflexed, 0.5 = half relexed and 1 = fully reflexed; and (5) flag/ cryptic was recorded as 0 = flag, 0.5
The chemical composition of the odour from the appendix of the spadix was analysed in a qualitative manner for several glasshouse-grown plants that originated from each site. The spadix appendix of a newlyopened inflorescence was covered with a loosely fitting sleeve (made from a forensic sample bag) to which a 88 × 5 mm diameter metal sampling tube (Markes International) packed with 50 mg Tenax TA 35-60 mesh was taped to one end. Air was then drawn through the sampling tube at a rate of approximately 25 ml min −1 for several hours by means of a portable pump. The composition of the odour trapped by the Tenax was analysed by thermal desorption-gas chromatography-mass spectrometry using a Perkin-Elmer instrument consisting of an ATD400 automatic thermal desorption unit (ATD), an AutoSystem XL gas chromatograph (GC) and a TurboMass mass spectrometer (MS). Instrument parameters were as follows. ATD: Sample tube desorption for 10 min in 60 ml min −1 helium at 150 °C onto a secondary trap (Tenax 80-100 mesh) cooled to 4 °C; secondary trap desorption by ballistic heating to 300 °C in 16 ml min −1 helium with an outlet split of 1 : 15. GC: Chromatography was performed on a 30 m × 0.25 mm i.d. column coated with 0.25 µm of either a polar phase (Phenomenex ZB-WAX), a nonpolar phase (J & W DB5-MS), or an intermediate polarity phase (Macherey-Nagel OPTIMA-delta6) using a temperature gradient of 40-240 °C at 4 °C min −1 and a pressure of 15 psi helium. MS: Electron ionization mass spectra (70 eV) were recorded between m/z 40-400 every 1 s. Compounds detected were assigned by comparison of their retention index and/or mass spectrum with published data (Jennings & Shibamoto, 1980; Davies, 1990; Adams, 2001; Ausloos et al., 2002) . The identity of benzyl alcohol and p-cresol was confirmed against purchased standards. , the number and species of insects in or on the inflorescences, and the morphological traits listed and measured as for objective 1 were recorded, except nectar and pollen rewards. Measuring these as for objective 1 would have involved the destructive sampling of a large number of inflorescences. Therefore, nectar rewards were not sampled and pollen rewards were estimated from the volume of male flowers measured by using callipers to ascertain the total length and diameter (i.e. cylinder size) of the male zone. The results collected from five inflorescences per taxa on each site showed that the volume of male flowers estimated in this way was significantly correlated with the total number of pollen grains per inflorescence (Spearman rank r = 0.70, P < 0.001, N = 60).
MEASUREMENT OF SUCCESS OF INSECT CAPTURE

DETERMINATION OF WHICH INSECT SPECIES CAPTURED ARE ACTUALLY EFFECTIVE POLLINATORS (OBJECTIVE 3)
This was examined for A. creticum on both sites. An examination was made of the number of pollen grains carried in per insect for the two most abundant species attracted, a mining bee Lasioglossum marginatum Brullé and adult of the bug Dionconotus cruentatus ssp. creticus Heiss. At each site, 20 individuals of each species were collected as they entered inflorescences in female phase. Insects were killed and a count was made of the total number of pollen grains they were carrying. Insects were collected from a total of 42 inflorescences on Mount Psiloritis and 34 inflorescences on Mount Kedros. At each site, an assessment was also made of the average distance travelled between inflorescences of A. creticum by each of these insect species. This was carried out by placing five bees together with five bugs in each of two closely adjacent A. creticum inflorescences and adding just enough fluorescent dye to the inflorescence so that all the insects picked up a few grains. Bees would scrape off larger dye loads but tests showed that small amounts of dye appeared to have no effect on insect behaviour and the dye was detectable on insects up to 3 days later. Two inflorescences were used to avoid overcrowding insects into a single inflorescence. After marking the insects, a hole was cut into each chamber so that insects could escape during that day. All surrounding inflorescences of A. creticum were then checked every day for the next 5 days to see if any of the labelled insects had been recaptured. This procedure was repeated on four consecutive days using pairs of inflorescences located at different parts of the study site and insects marked with different colour dye to ensure that it was clear from which inflorescences the insects had originated. The minimum distance between the inflorescence where the insect had been recaptured and the inflorescence from which it had been released was recorded.
RESULTS
COMPARISON OF NECTAR, POLLEN, INFLORESCENCE MORPHOLOGY AND SCENT IN A. CRETICUM, A. IDAEUM,
AND INTERMEDIATE FORMS (OBJECTIVE 1) Arum creticum, A. idaeum, and intermediate forms all produced similar small amounts (less than 0.1 ml per inflorescences) of stigmatic secretions that contained far lower concentrations of sugar (Table 1) than the 15-75% sugars typically found in nectar (Harborne, 1988) . This result indicates that nectar is not an important reward in any of these taxa. By contrast, the three taxa differed greatly in their production of pollen with A. creticum producing over ten-fold more pollen per inflorescence than A. idaeum (MannWhitney U = 0.0, P < 0.001 for the Mount Psiloritis populations; U = 0.0 P < 0.001 for the Mount Kedros populations) and intermediate forms producing approximately five-fold as much ( (Table 2) . Between-taxon differences were consistent between the two populations studied.
Among the inflorescences sampled for chemical analysis, the main component of the spadix appendix odour in A. creticum was always benzyl alcohol (44-96%), whereas it was p-cresol (33-89%) in all but one inflorescence in A. idaeum (Table 3) . Conversely, benzyl alcohol was only detected in the odour of one inflorescence of A. idaeum (0.7%) and p-cresol was only detected in one odour analysed of A. creticum (0.3%). In the odour of two of the six inflorescences sampled of A. creticum, methyl benzoate was a major component, comprising 18% and 36% of the odour, whereas a linear monoterpene, tentatively assigned as cis-2,6-dimethyl-2,6-octadiene, was detected at level of approximately 12% in another two. In the appendix odour of one inflorescence of A. idaeum, a C 10 unsaturated alcohol was present at a similar level to the pcresol, comprising 36% of the odour. Among the more minor components, the monoterpene alcohols citronellol, geraniol, and nerol were often detected in both species. The composition of the appendix odours of the five hybrid taxa sampled were not intermediate between the two parent species but, instead, were more similar to A. creticum in that benzyl alcohol was the dominant component (33-87%). However, p-cresol was detected in four of the odours at 1.3-7.2%. Citronellol, geraniol, and nerol were detected in all the hybrid inflorescence odours examined and indole and skatole (detected in one inflorescence odour of A. creticum) were also detected in one odour from the hybrid.
MEASUREMENT OF SUCCESS OF INSECT CAPTURE BY EACH TAXON AND INVESTIGATION INTO WHICH FLORAL
TRAITS ARE CORRELATED WITH IMPROVED INSECT CAPTURE (OBJECTIVE 2) Although a range of insect species were found in the inflorescences, including the coleoptera Aplocnemus sp. and Anthaxia funerula spp. idea Llliger, over 95% of the more than 10 000 insects involved were either females of small mining bees, L. marginatum, or adult and juveniles of a hemipteran bug, D. cruentatus ssp. creticus. Consequently, analysis of the effect of floral 1.00 ± 0.00 1.00 ± 0.00 3 ± 0.00 3 ± 0.00 1.3 ± 0.15 1.4 ± 0.22 Spadix colour 1.00 ± 0.00 1.00 ± 0.00 4 ± 0.00 4 ± 0.00 2.6 ± 0.16 2.3 ± 0.21 Spathe colour 1.00 ± 0.00 1.00 ± 0.00 3 ± 0.00 3 ± 0.00 1.6 ± 0.22 1.4 ± 0.22 Spathe reflex?
1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.35 ± 0.13 0.55 ± 0.09 Flag or cryptic?
0.00 ± 0.00 0.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 0.35 ± 0.13 0.10 ± 0.07
Data are mean ± SE. Indices were used to score traits: spadix scent, 1 = strongly sweetly pungent to 3 = weakly sweetly pungent; spadix colour, 1 = yellow to 4 = purple; spathe colour, 1 = yellow to 3 = cream with purple tinge basally; extent of spathe reflex, 0 = not reflexed to 1 = fully reflexed; whether the inflorescence is of flag or crypic form, 0 = flag to 1 = cryptic. Further details are given in the methods.
attributes on potential pollinators focused on these two species. The parental forms, A. creticum and A. idaeum, were not used in this analysis because traits showed marked between-species differences resulting in bipolar distributions. The results of a simple bivariate correlation analysis showed that visitation by L. marginatum and D. cruentatus was correlated with greater pollen production, larger spadix size, and larger spathe size (Table 4) . Because these traits were intercorrelated, partial correlation analysis was used to identify those traits having the greatest effect on insect attraction. Data from the two sites were combined for these analyses. Partial correlation analysis for each of pollen quantity, spadix length, and spathe length, holding the other two traits constant, showed that both pollinators were more attracted by inflorescences with long spadices and by inflorescences with a large quantity of pollen (Table 5 ). These observations suggest that the result may be due to pollinators visiting inflorescences with a lot of pollen more often and also by them staying longer in inflorescences with a lot of pollen. 
DETERMINATION OF WHICH INSECT SPECIES CAPTURED ARE ACTUALLY EFFECTIVE POLLINATORS (OBJECTIVE 3)
DISCUSSION
The present study demonstrates that A. creticum provides a far greater abundance of pollen per inflorescence than A. idaeum and that this acts as a reward in the male phase of flowering, allowing A. creticum to attract a particularly effective pollinator, Lasioglossum marginatum. This is the first recorded example of the evolution of a rewarding system within a genus of a typically nonrewarding saprophilous species. Interestingly, the extent of visitation by L. marginatum appeared to be directly correlated with the greater number of male flowers of A. creticum. The other between-species differences in pollinator visits associated with the evolution of a rewarding system were found to be an increase in inflorescences size and visibility (flag form rather than cryptic form), a change in overall spadix colouration from purple to yellow, and the production of a different scent profile. The increase in visibility and change to yellow colouration is con- Probability significance levels: NS, non-significant; *P < 0.05; **P < 0.01; ***P < 0.001. sistent with a change to melittophily (Faegri & van der Pijl, 1979) . The absence of staminodes may also preadapt A. creticum to melittophily by removing a potential barrier. Although L. marginatum were trapped in the inflorescences during the female phase of flowering, once the inflorescences entered male phase, the ageing chamber walls were no longer slippery and so the bees could exit with ease, thus potentially improving their effectiveness as pollen vectors. The purple colouration of the spadix of A. idaeum is likely to be due to anthocyanin pigmentation and possibly it is a low level of anthocyanins in the A. creticum spadix that allows underlying yellow pigments, such as carotenoids, to be observed. Anthocyanins are synthesized via the phenylpropanoid pathway that is also thought to produce, via a different branch point, many of the benzenoid compounds found in flower scents (Dudareva & Pichersky, 2000) . Recently, blocking a key enzyme in anthocyanin production in a carnation cultivar was shown to result in flowers producing a higher level of methyl benzoate in their odour, which was assumed to be due to the diversion of metabolic flow towards benzenoid compounds (Zuker et al., 2002) . A similar switch in metabolic flow, from the synthesis of anthocyanins to the production of benzyl alcohol, may have occurred in the evolution of the inflorescence of A. creticum.
The combination of aromatic alcohols and acyclic terpene alcohols that occurs in the odour of A. creticum conforms to the 'white floral' scent (Kaiser, 1993) often found in white flowers that release their scent during the evening and are pollinated by moths , although the individual compounds, such as benzyl alcohol, are common constituents of floral scents of many species belonging to various pollination syndromes (Knudsen, Tollsten & Bergström, 1993) . p-Cresol, the dominant odour component of A. idaeum, has been reported to be a minor component in several floral odours , but does occur at high relative abundance in, for example, the odour of Jasminum polyanthum Franch. (Christensen et al., 1997) , Silene dichotoma Ehrh. (Jürgens, Witt & Gottsberger, 2002) , and other species of Arum (Kite, 1995; Kite et al., 1998) . The level of production of odour volatiles by A. idaeum was much lower than in A. creticum, as demonstrated by the perceived weaker odour and the intensity of peaks detected in GC-MS analysis (although absolute amounts were not quantified). A greater level of production of benzyl alcohol by A. creticum than p-cresol by A. idaeum may explain why the odour of the hybrid taxa is dominated by benzyl alcohol. p-Cresol may be produced from the phenylpropanoid pathway (that also produces benzyl alcohol) or via a different biosynthetic route; for example, rumen bacteria degrade tryptophan into p-cresol (Mohammed, Onodera & Or-Rashid, 2003) .
The selective force for the evolution of rewards in A. creticum appears to be connected with its promoting visits by a more effective outcrossing agent; an outcome that is likely to lead to fitness gains. This is an unusual finding because nonrewarding pollination systems are generally expected to lead to higher outcrossing rates than rewarding systems due to pollinators flying greater distances between plants (Peakall & Beattie, 1996; Alexandersson & Agren, 2000; Ferdy et al., 2001) . However, in the case of A. creticum, the evolution of rewards is associated with a switch to a more mobile pollinator and thus to increased outcrossing for inflorescences in bloom in environments where L. marginatum is available to act as a pollinator. Pollen of A. creticum was found to be viable in field conditions for several days, and thus long distance dispersal in A. creticum is not affected by loss of viability, as reported in another aroid species Amorphophallus johnsoni N.E.Br. (Beath, 1996) .
There appears to be no other published work describing pollination specifically by L. marginatum Differences between species were tested with the Mann-Whitney U-test.
but a closely related Mediterranean species, Lasioglosum malachurum, is reported to forage for both nectar and pollen (Rust, Vaissiere & Westrich, 2003) . In the present study, L. marginatum activity appeared to be restricted to relatively low altitudes, below approximately 1600 m. Field observations also indicated that L. marginatum was not active on cold or windy days and that bees trapped in Arum inflorescences during such weather would often die whereas individuals of D. cruentatus ssp. creticus were apparently unaffected. This restriction of L. marginatum to foraging and nesting in temperate conditions is in agreement with the findings for another species, Lasioglosum matianense, that pollinates apples and Prunus sp. growing at altitude in India (Batra, 1997) . It may be that the restricted pollinator range plays a part in restricting the altitudinal range of A. creticum compared to A. idaeum. However, there is also likely to also be a direct effect of altitude on A. creticum because it was clear during field work that the large flag inflorescence of A. creticum was far more susceptible to damage by strong winds that occur frequently at altitude during the flowering season. Studies modelling orchid species where individuals growing together differ in their production of nectar rewards have shown that pollinators can increasingly discriminate against nonrewarding inflorescences as their frequency or density increases (Ferdy et al., 1998; Smithson & Gigord, 2003) . Although the present study was not designed to specifically investigate the effect of density and frequency of rewarding Arum relative to unrewarding Arum, the results from the transects indicated no effect of density or frequency on the relative success of insect attraction by rewarding and unrewarding plants. Similarly, at no given altitude was there any evidence of a 'remote habitats' effect (Lammi & Kuitunen, 1995) (i.e. where nonrewarding plants are more successful away from rewarding plants). It may be that such interactions do exist between A. creticum and A. idaeum but that they are quite subtle effects, and thus remained undetectable in the present study.
The family Araceae exhibits a wide range of pollination systems with many genera, such as Arisaema, Arisarum, and Theriophonum, having sapromyophilous systems (Dakwale & Bhatnagar, 1997; Vogel, 2000) whereas most other genera have cantharophilous systems than can be either rewarding or nonrewarding (Singh, vanWyck & Baijnath, 1996; Wilson & Hennon, 1997; Gibernau et al., 1999; Franz, 2003; Mawdsley, 2003) . It is difficult to conclude whether saprophily or cantharophily is the basal system for Araceae because cantharophily is not thought to be always indicative of ancient plant-pollinator relationships (Gottsberger, 1990) . However it appears clear that some pollination systems, rare within the family, are derived. For example, one species, Anthurium sanguineum Engl, has been reported to be pollinated by hummingbirds (Kraemar & Schmitt, 1999) and two species, Alocasia odoura C. Koch (Miyake & Yafuso, 2003) and Peltandra virginica (L.) Schott (Patt et al., 1995) , have been reported as providing brood sites for their pollinators. An existing molecular phylogeny (French, Chung & Hur, 1995) and phenotypic phylogeny (Mayo, Bogner & Boyce, 1997) both place Arum as being most closely related to Biarum, Eminium, Drancunculus, Typhonium, and Theriophonum. All of these genera are characterized by unrewarding sapromyophily/saprocantharophily, and it is likely that the ancestral pollination system in Arum was an unrewarding trap mechanism.
The results from the present study show that a rewarding pollination system can evolve in a genus characterized by unrewarding sapromyophily/saprocantharophily. This raises the general question of whether rewarding systems can evolve from other sapromyophilous/saprocantharophilous systems and are there features of A. creticum that have facilitated such a change? We suggest that three general features, found in A. creticum, would facilitate the evolution of rewarding systems: (1) the production of single, monoecious but strictly dichogamous inflorescences that can avoid the potential increase in self-pollination (geitonogamy) associated with providing rewards (Johnson & Nilsson, 1999; Smithson, 2002) ; (2) the production of pollen with long longevity, providing the plant species with the potential outcrossing advantage associated with the employment of a more far-ranging pollinator, such as many bee species; and (3) the ability of pollinators to be able to detect reward levels.
The present study demonstrates that L. marginatum is attracted to Arum plants containing higher levels of pollen. The mechanism of this attraction is currently unclear; it may be that L. marginatum can detect pollen loads remotely or that it is cueing into some other aspect of the inflorescences correlated with pollen quantity. Work examining the behaviour of bumble bees (Bombus terrestris) visiting artificial flowers differing in their nectar reward showed that bees had a range of strategies for focusing their foraging where rewards were greatest (Smithson & Gigord, 2003) . It may be that pollinators can discern reward levels in other plant species, including those that also have other, undoubtedly costly, floral attractants, such as the spadix of A. creticum.
tive criticism of the submitted manuscript for this paper.
